Abstract: We took an area of ~150 km2 around the town of Cremona to be an analogue for hydrogeological and hydrochemical conditions in arsenicpolluted and arsenic-free groundwaters across the Po Plain of northern Italy. We investigated anthropogenic influences on ground and surface water in the area using Cl/Br ratios, δ18O/δ2H and other hydrochemical data from 32 groundwater wells, 9 surface waters, a sewage outfall and a rainwater sample. The deep aquifer (160-260 m below ground level), which is tapped widely for public supply, is partly recharged by seepage from overlying aquifers (65-150 m below ground level) that are As-polluted (up to 144 µg/L As), producing a trend of increasing As with time. This threatens drinking water quality across the Po Plain where natural As-pollution of groundwater in aquifers at intermediate depth (50-120 m below ground level) is a basin-wide problem. Groundwater quality in deep aquifers appears free of anthropogenic influences. In contrast, shallow groundwater and surface water are strongly affected by such pollution, although in some areas, quality remains unaffected. Outfalls from sewage-treatment plants and black water from septic tanks firstly affect surface waters, which then locally infiltrate shallow aquifers under high channel stages. Wastewater permeating shallow aquifers carries with it NO3 and SO4 which suppress reduction of iron oxyhydroxides in the aquifer sediments and so suppress the natural release of As to groundwater. The authors of the script titled above submit it for publication in Science of the Total Environment as a research article. The study addresses the issue of human impacts on groundwater in the Po Valley of Italy, where groundwater is the principal source of water used for domestic supply. The paper exploits the developing use of Cl/Br as a tracer of anthropogenic impact, and shows that in some circumstances (that is, in our area) standard interpretations of Cl/Br do not work and need modification before correct conclusions can be drawn.
21
wide problem.
22
Groundwater quality in deep aquifers appears free of anthropogenic influences. In contrast, shallow 23 groundwater and surface water are strongly affected by such pollution, although in some areas, quality remains 24 unaffected. Outfalls from sewage-treatment plants and black water from septic tanks firstly affect surface waters, 25 which then locally infiltrate shallow aquifers under high channel stages. Wastewater permeating shallow aquifers 26 carries with it NO 3 and SO 4 which suppress reduction of iron oxyhydroxides in the aquifer sediments and so 27 suppress the natural release of As to groundwater. 
37
These channels discharge into the Po River the excess of irrigation water which is originally diverted from other 38 Alpine rivers that flow from N to S. The Po Plain is home to around 20 million inhabitants and is the most important 39 economic area of Italy. As a consequence, human activities affect both the 75% of its area that is agricultural land 40 and also the 10% that is urban development (Falcucci et al., 2007) .
41
Groundwater abstracted from the Po Basin is used for irrigation, domestic supply, and industrial processes 42 (AdBPo, 2006) . Irrigation in the Po Plain uses ~10 billion of m 3 /y taken from rivers (67%, and distributed to the 43 field by channels), groundwater (22%) and springs (11%) (Zucaro, 2011) . In order to avoid human impacts, 
52
Deep abstraction may even induce land subsidence (Martinelli et al., 2014) .
53
Given the long-term threat to the sustainability of deep-groundwater posed by groundwater abstraction, we 54 have set out primarily to (a) asses the source of recharge to deep aquifers tapped for domestic supply and (b 
67
(the Alpine foothills) to south (the Po River), reflecting the waning transport energy of glacial rivers (Ori, 1993) .
68
This geological setting is particularly evident in Lombardy Region (Figure 1 ), where monolithic aquifer of gravel 69 and sand in the northern part of the plain (the higher plain) passes southwards into a multilayer system around the Po
70
River (the lower plain) (Bonomi, 2009; Cavallin et al., 1983; Perego et al., 2014) .
71
In the multilayer system of lower plain, the deeper aquifers have a sluggish circulation and so longer 72 residence times for groundwater under natural conditions of flow (Martinelli et al., 2014 
93
The Adda and Po Rivers flow across the area (Figure 1 ). In addition, multiple shallow irrigation channels Table S1 together with method quantitation limits and the full list of measured parameters.
127

End-member Mixing Models
128
To identify the influence of salt, as a proxy for human influence on ground and surface waters, we use a ,   140 cooking and dishwasher salts obtained from retail outlets in Cremona (Table S2) 
148
Measured water quality data are reported in Table S1 . 
162
The profiles of Br and I comprise higher values in U (up to 132.8 and 13.1 µg/L, respectively), a downward 163 decrease and a peak in C3 (up to 166.1 and 25.6 µg/L, respectively 
171
For surface waters, Br and I apart, all concentrations were higher in channel waters than in river water 172 (Table S1 and Figure 2 ). For Br and I, the converse was true, with Br being 50 µg/L in rivers and 37 µg/L in 173 channels whilst I was 4.0 in rivers and 1.6 in channels.
174
No 
257
The generally higher Cl in shallow groundwaters than in channel water is probably not due to evaporation 
296
This mixing appears to have been historical, and is now in reverse, as aquifer C3 is being flushed of brine. 
303
Iodine concentrations in aquifer C3 range up to 26 g/L, giving Cl/I mass ratios between 890 and 2020 304 (Table S1 ; mean 1258). These values are well below the marine value of ~300 000 (Skinner and Berger, 2003 306 and must result from the input to groundwater of I from organic degradation.
307
The above discussion points out that at least part of groundwater abstracted from C3 seems to be replaced 
312
Development of aquifer C3 for most public supply in the area raises the question as to how sustainable the resource 313 might be, how quickly groundwater composition is changing with time, and whether the quality is increasing or 314 decreasing i.e. flushing is continuing now.
315
Our repeat-sampling interval of 27 months is too short to do other than place an upper limit on rate of 316 change of groundwater composition. Nevertheless, we attempt to do so using the average concentration of As and Cl 317 in C3 over the sampling dates available. These are reported in Figure 5 . We use average concentration, rather than (Table S1 ). These observations suggest that the 354 process of SO 4 -reduction, if it occurs at all in these aquifers, does not to reduce As concentrations to zero. 
